INTRODUCTION {#s1}
============

The subtalar joint (STJ), which comprises the hindfoot, performs complex movements to absorb shock and generate propulsive force in a gait cycle[@r1]^)^. Studies have reported that the hindfoot adopted to the pathological pattern of the knee joint, such as varus or valgus deformity and patellofemoral pain, which cause mobility abnormality[@r2], [@r3]^)^. A specific association between hindfoot malalignment and lower extremity injury has been postulated but not conclusively demonstrated. Many researchers have identified hindfoot malalignment as a risk factor for ankle sprain, stress fracture, and tendonitis[@r4]^)^. A treatment based on accurate STJ evaluation is important for preventing injuries and re-injuries. In general, hindfoot alignment is evaluated using radiography, with studies reporting that the evaluation has a constant reliability[@r5], [@r6]^)^. In particular, the measurement method devised by Saltzman et al. is used to confirm various foot abnormalities[@r7], [@r8]^)^. In contrast, some measurement methods along the body surface measure hindfoot alignment. However, a useful and reliable measurement method along the body surface has not been developed because STJ has three joint surfaces with large individual differences[@r1]^)^. For example, Elveru et al. reported that they developed a method to measure hindfoot alignment using goniometer, but the result was not reliable[@r9]^)^. Other study results, such as those of Elveru, lack reliability[@r10], [@r11]^)^. However, a study on the correlation between measurement result along the body surface and radiography does not exist. Hence, studying measurement results along the body surface and those from radiography is important because radiography is a standard method for assessing joint malalignment. Therefore, we investigated the correlation between the measurement result along the body surface and radiography in subjects with knee osteoarthritis. Moreover, we devised a novel measurement method using laser beam, namely hindfoot alignment measurement method with laser beam (HAML), as a reliable guide for a perpendicular line. This study aimed to determine the correlation between measurement results along the body surface and radiography in hindfoot alignment. In addition, we focused on the correlation between measurement results from HAML and radiography.

SUBJECTS AND METHODS {#s2}
====================

Individuals with knee osteoarthritis were recruited from the medical orthopedic department at our institution. All subjects regularly received medical advice for knee osteoarthritis at the hospital, and they volunteered to participate in the study. Participant characteristics are shown in [Table 1](#tbl_001){ref-type="table"}Table 1.Participant characteristics (n=23)Mean ± SDAge (years)70.8 ± 10.3Height (cm)155.2 ± 8.4Weight (kg)55.0 ± 11.2BMI (kg/m^2^)22.7 ± 3.7Gender (male:female)3:20.

Exclusion criteria were as follows: (1) past surgery that involved involving the leg, (2) active symptoms of ankle injury or pathology, and (3) inability to symmetrically bear total body weight in the standing position. The measured leg is the right side only. In total, 23 subjects participated in this study. All subjects provided informed consent to participate. The study was approved by the Human Use Review Board at Showa Inan General Hospital of Iowa (No. 2012-10).

The measurement steps along the skin surface are as follows:

1\) Marking the body surface.

2\) Hindfoot alignment measurement using laser along the body surface.

3\) Hindfoot alignment measurement using goniometer along the body surface.

Hindfoot alignment was measured using a laser and goniometer while the patient was standing. Physical therapists with \>5 years of clinical experience evaluated the subjects. Each subject stood at full-weight bearing on both legs. Before the actual measurement, the patients stood on a scale to attain balance on both legs. Distribution on both legs was defined as within ± 3 kg of the half of the weight. Then, the subject stood with his foot parallel to each other at 10 cm distance to standardize the posture for radiography.

Marking on the body surface is below:

The marking method was done similar to that of measuring STJ neutral (STJN). For STJN, we used a popular procedure by Elveru et al.[@r12]^)^ as reference. We drew some landmarks on the body surface to measure hindfoot alignment ([Fig. 1](#fig_001){ref-type="fig"}Fig. 1.Posture for marking and marking points.1) The subject was positioned in prone, with the foot and ankle to be measured hanging over the end of the table; 2) Three points on the bisection line of the calcaneus and one point at Achilles tendon; 3) Two points on the bisection line of the lower leg.).

First, we mark three points on the bisection line of the calcaneus and one point at the Achilles tendon. The outline of the calcaneus was palpated to mark them. The three marking points were the most obvious parts of the calcaneus outline above the bottom heel fat pad. We palpated the medial and lateral borders of the calcaneus to mark these three points. We marked dots at each midpoints between medial and lateral border of the calcaneus. These points are measured by using a flexible ruler[@r13], [@r14]^)^.These three midpoints on the calcaneus was used for laser measurements and two midpoints at the superior and inferior aspects of the calcaneus was used for goniometric measurements. We then marked the midpoint of the Achilles tendon where the line from the distal end of the medial malleolus to center of the lateral malleolus and the Achilles tendon crossed. Next, we marked the lower leg using a caliper. The caliper was used to identify two midpoints for bisecting the lower third of the leg[@r12], [@r13]^)^. The caliper was positioned at the medial and lateral borders of the lower leg approximately 20 cm and 15 cm above the calcaneus, and a mark was placed at the midpoint. Midpoint of the Achilles tendon was used for laser measurements and two midpoints for bisecting the lower third of the leg was used for goniometric measurements.

Hindfoot alignment measurement using a laser beam is below:

The laser beam (Cross line laser Quigo; BOSCH Co., Ltd.) was irradiated on the body surface. The laser beam was class 2 in European standard (EN60825-1). The laser beam source was 1 m away from the heel of the subject. All subjects were informed of the potential risks of the laser. We evaluated the varus--valgus alignment by projecting a vertical laser line from the ground up. The degree of the STJ varus--valgus alignment was divided into seven grades.

Varus or valgus position in STJ was determined according to the laser line. Neutral position implied that every three points in the middle of calcaneus was on the laser line. Strong valgus implied that every three points in the middle was outside of the laser line, moderate valgus was two points outside, and weak valgus was only point outside. These varus positions were also divided into three groups and add neutral position; hence, seven groups were identified ([Fig. 2](#fig_002){ref-type="fig"}Fig. 2.Hind foot alignment categories by the laser.1) Neutral position; 2) strong valgus; 3) moderate valgus; 4) weak valgus.).

Goniometric measurements were completed using a 360° metal goniometer (arms 30-cm long) marked in 1° increments. First, we connected two midpoints proximal and distal to the lower third of the leg to make it a bisector. Then, we connected two midpoints in the proximal and distal calcaneus to make it a bisector. An angle was measured when the positions of the lower third of the leg and calcaneus bisecting lines were adjusted using a goniometer.The measurement method showed partial improvements compared with that of Donatelli[@r15]^)^ and James[@r16]^)^ using the radiography measurement as reference.

The radiographic technique was similar to that originally described by Cobey[@r17], [@r18]^)^. The volunteers were placed in a predefined fixed foot position to minimize any influence on the measurements. Both feet were internally rotated to make them parallel. Posture and method used in measurement method for goniometer was similar to that used for laser. The radiographic evaluation method by Saltzman et al. is considered to be the gold standard for assessing hindfoot alignment under loading condition. Hence, radiograph images were evaluated based on the Saltzman hindfoot alignment[@r6], [@r19]^)^.

Correlation coefficients between hindfoot alignment measurements with radiograph and HAML were calculated using Spearman's rank correlation coefficient. In addition, the correlation between hindfoot alignment measurements with radiography and goniometry were calculated.The significance level was set at 1%, and the SPSS software (IBM SPSS Statistics 20.0, IL, USA) was used for statistical processing.

RESULTS {#s3}
=======

A significant correlation was observed between HAML and radiography (r=0.82; p\<0.01).

Moreover, a correlation was observed between goniometry and radiography (r=0.47; p\<0.01), but the correlation coefficients were higher in HAML than in goniometry. Alignment characteristics of the cohort according to each measurement technique are presented in [Table 2](#tbl_002){ref-type="table"}Table 2.Alignment characteristics of the cohort according to each measurement procedureMethodValueRadiograph, mean ± SD,°†1.0 ± 5.1 (--6.54 to 11.55)Goniometry, mean ± SD,°†2.9 ± 4.4 (--10 to 9)Seven grades of measurement by laser, grade (%)\*Grade 17 (30.4)Grade 20 (0)Grade 32 (8.7)Grade 42 (8.7)Grade 54 (17.4)Grade 61 (4.3)Grade 77 (30.4)†More than 0°mean the valgus direction. \*Grade 4 and 5 mean valgus.. [Table 3](#tbl_003){ref-type="table"}Table 3.Correlation between laser method and radiograph, goniometry evaluationPropertyCoefficient of correlationLaserRadiographGoniometryLaserRadiograph--0.82\*\*Goniometry--0.370.47\*\*\*\*Significant at the 0.01 level (2-tailed). shows the correlation between laser method and radiograph, goniometry evaluation.

DISCUSSION {#s4}
==========

This study is the first to determine the correlation between measurement results along the body surface and radiography to evaluate hindfoot alignment. And our new hindfoot alignment measurement method developed was good correlation with radiography. To the best of our knowledge, hindfoot alignment evaluation along the body surface was assessed with only interclass correlation coefficients in various evaluation methods. This is big problem because of the inconsistency between joint alignment measurement with radiography and along the body surface[@r18], [@r20], [@r21]^)^. This inconsistency can be detrimental to patients, e.g., when he is prescribed a pair of insoles according to his foot deformity. Thus, we used laser beam to evaluate foot alignment to gain a high correlation between radiograph and body surface. The following reasons can be cited because we used a laser beam. First, anybody can project a reproducible perpendicular line from the ground when the laser from a correct reference point is projected. Second, we set the reference point of hindfoot alignment at the mid-Achilles tendon. The Achilles tendon attaches to the tuber calcanei, indicating that the mid-Achilles tendon is almost at the center of the talar dome medial to STJ. Thus, at the mid-Achilles tendon, the laser reference point is possibly almost at the center of the talar dome. This reference point is correct and plays an important role in measuring hindfoot alignment.

Moreover, at the mid-Achilles tendon, the laser reference point to measure hindfoot alignment is the line from the medial malleolus distal end to the lateral malleolus center, where the Achilles tendon crosses. Inman reported that the taroclural joint axis almost runs through the distal end of the medial and lateral malleoli[@r22]^)^, implying that in the reference point in the radiographically hindfoot evaluation method, the center of the talar dome is possibly close to this reference point. In contrast, goniometry has a low correlation. The reference point in goniometry is in the lower leg bisector. The lower leg contains enough soft tissue, and the dimension is asymmetrical even in a healthy individual. This means that the correlation between the lower leg bisector and tibial axis could be low.

A previous study on the interclass correlation coefficient in various evaluation methods revealed that even the result from an experienced examiner was not acceptable[@r23]^)^. It is easy to imagine that the correlation between measurement using radiograph and that using goniometer is low. Our results are informative for clinicians, and clinicians can obtain a similar result with radiography in hindfoot alignment using the proposed method.

In addition, patients do not need to take a risk for radiation exposure. Our method was an inexpensive and quick measurement method. A treatment based on correct evaluation would be more effective than the current methods used for patients. This study had some limitation. Correlations within an examiner and between examiners were not determined. The measurement procedure was complex, and certain training was required. A manual to correct measurements using the method is required. Furthermore, the subjects were only patients with knee osteoarthritis. The method needs to be used for patients with various pathology patterns and symptoms to establish a further correct method.
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